INTRODUCTION
This report is one of a series on the ground-water resources of Arkansas being prepared by the U.S. Geological Survey in cooperation with the Arkansas Geological and Conservation Commission. The areas covered by cooperative ground-water investigations for which reports have been published, or are in preparation, are shown in figure 1. Ground water in the Arkansas River alluvium is being investigated (1960) by the Survey in cooperation with the Corps of Engineers, U.S. Army, as part of the multiple-purpose development of the river.
This investigation had two main objectives. The first was to obtain basic information on the occurrence, availability, chemical quality, present development, and factors limiting development of ground water in the consolidated rocks and the alluvium of the tributary streams of the Arkansas Valley region. The second was to define 
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areas or problems requiring detailed investigations so that the regional ground-water situation can be evaluated on a sound basis.
FIELDWORK
The fieldwork was accomplished between July 1960 and March 1961 and was concentrated along seven data-collection lines which were transverse to the regional structure. On these lines, depth to water was measured periodically in 108 selected wells, and 29 samples of water were collected for chemical analysis. Analyses were made by the Branch of Quality of Water, U.S. Geological Survey, Fayetteville, Ark. Pumping tests were made at eight well sites. Geologic structures and lithologies were studied in roadcuts, quarries, and wells to determine their importance in the occurrence and movement of ground water. Records of gas tests, wells and bridge-foundation borings were studied to determine the lithology of the units below the surface. Additional data on the geology (Croneis, 1930; Hendricks and Parks, 1950) , chemical quality, and pumping tests were already available and are incorporated in this report.
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WELL-NUMBERING SYSTEM
Locations of water wells, borings, gas tests, and geologic sections are given according to the system of land subdivision of the U.S. Bureau of Land Management. (See fig. 2 .) For example, the number of well 7N-13W-16baal indicates that it is the first well inventoried in the NE^NE^NWK sec. 16, T. 7 N., R. 13 W. The next weU inventoried in the same quarter-quarter-quarter section is designated 7N-13W-16baa2, and so on.
GEOGRAPHIC SETTING
LOCATION AND LIMITS OF REGION
The Arkansas Valley region is part of the Interior Highlands of Arkansas ( fig. 1) . Most of the region lies in the Arkansas Valley section of the Ouachita physiographic province (Fenneman, 1938) . However, for this report, it includes a part of the Ouachita Mountain section of the Ouachita physiographic province. The eastern limit of the region is the Fall Line and the western limit is the State line.
The area of the region is about 7,200 square miles; it ranges^from 130 to 180 miles in length and from 35 to 65 miles in width.
TOPOGRAPHY, DRAINAGE, AND CLIMATE
The topography of the southeastern and southwestern parts of the region, where the rocks dip steeply, is characterized by narrow ridges and valleys. The topography of the rest of the region, where ARKANSAS VALLEY REGION, ARKANSAS BB5 the rocks dip gently, is characterized by rolling lowlands, synclinal mountains, and cuestas.
The lowlands generally do not exceed 500 feet in altitude, and the highlands generally are less than 1,000 feet. Some of the synclinal mountains, however, have altitudes exceeding 2,000 feet. The maximum altitude in the region is 2,823 feet.
Most of the region lies in the drainage basin of the Arkansas River. The northeast corner of the region is drained by the Little Red River. The southeast edge of the region is drained by several bayous that flow into the Coastal Plain.
The Arkansas Valley region has short mild winters and long hot summers. The growing season is at least 200 days and in some localities is as much as 244 days. Precipitation generally is in the form of showers, and amounts are measurable on the average of 100 days annually. The mean annual precipitation for the region is about 48 inches. The mean minimum temperature is about 40° F and the mean maximum about 83° F an average of about 62° F for the region.
ECONOMY AND RESOURCES
The economy of the region is basically agricultural. Corn, cotton, clover, grapes, oats, peaches, sorghum, soybeans, and strawberries are important crops. Truck farming, dairying, livestock, and poultry raising also form a large part of the agricultural base. Industry is tied, to a large extent, to the agriculture and timber of the region. Large industrial plants are in the cities along the Arkansas River, and small factories are in many towns throughout the region.
The mineral resources of the region include natural gas, coal, dimension stone, crushed stone, shale, sand, and gravel. Natural gas has been obtained in 10 counties, and reserves have been estimated to be more than 900 trillion cubic feet (Arkansas Oil and Gas Comm., 1959) , which includes reserves of 1 county and parts of 4 counties not in the report area. The coal mines produced 441,000 short tons of coal in 1959. Dimension stone has been quarried in 5 counties, and more than 22,000 short tons was quarried in 1959, most of which came from Logan County. More than 4 million short tons of crushed stone was supplied by 5 counties in 1959. More than 151,000 short tons of shale, used in the manufacture of brick and tile and as a lightweight aggregate, was mined in Sebastian County in 1959. Six counties supplied more than 6K million tons of sand and gravel mined from the alluvium of the Arkansas River in 1959.
A significant expansion of the economy of the Arkansas Valley region is foreseen after the completion of the multiple-purpose development of the Arkansas River. This development is in progress (1960) and
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consists of reservoir and navigation projects. This expansion will necessarily increase the development of the natural resources including the ground-water resources.
GEOLOGIC SETTING
Ground water occurs in rocks, and a knowledge of the structure and composition of the rock units of a region is basic to the understanding of the occurrence, movement, availability, chemical quality, and potential development of the ground-water resources of that region. Included in this section are general descriptions of all the rock units in the region. Detailed logs and sections are included for those units which furnish most of the ground-water supply. Structure is discussed in general in this section and in detail in other sections of this report where relationships to the occurrence and movement of gound water can be shown.
BOCK UNITS
The Arkansas Valley region is underlain by consolidated rocks of Ordovician to Pennsylvanian age and by terrace and flood-plain deposits of Quarternary age. The location and extent of each rock unit are shown on the "Geologic Map of Arkansas" (1929) . The U.S. Geological Survey currently uses a classification for the postAtoka rock units of Pennsylvanian age which differs from that used on the State geologic map. Correlation of these two classifications is shown in table 1.
ROCKS OF ORDOVICIAN TO MISSISSIPPIAN AGE
Rocks of Ordovician to Mississippian age include the Bigfork Chert and Polk Creek Shale of Ordovician age, the Missouri Mountain Slate of Silurian age, and the Arkansas Novaculite of Devonian and Mississippian ages. These rocks crop out in the southeastern part of 
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STANLEY SHALE
The Stanley Shale overlies the Arkansas Novaculite and in the Arkansas Valley region crops out in Perry and Pulaski Counties (Charles Stone, oral communication, 1960) . Complex folding has prevented accurate determinations of thickness, although a maximum of about 6,000 feet was mentioned by Croneis (1930) .
The Stanley Shale is composed of bluish or black fissile clay shale, interbedded with fine-grained greenish-gray or bluish-gray sandstone. Some of the shale is highly carbonaceous and soils the fingers. Locally, the shale has been metamorphosed into hard slate. Quartz veins of many sizes commonly are seen in this rock unit.
JACEFORE SANDSTONE
The Jackfork Sandstone overlies the Stanley Shale. Within the Arkansas Valley region, the unit crops out in Perry and Pulaski Counties (Charles Stone, oral communication, 1960) . Faulting has prevented an accurate measurement of thickness. The maximum exposed thickness is about 2,300 feet, and the true thickness probably is double this figure.
The sandstone is either light or dark gray, the dark-gray variety containing considerable black mica. The sandstone grains show rounding, and the grain size generally ranges from very fine to fine. Feldspar generally is a constituent, although it varies in quantity from place to place. Silica is a cementing agent and, where abundant, the resulting rock is a hard, tough quartzite. Locally, black shale is interbedded with the sandstone. Because of its resistance to weathering, the sandstone forms prominent ridges, and jointing is seen in all outcrops.
ROCKS OF PENNSYLVANIA!* AGE
ATOEA FORMATION
The Atoka Formation crops out over a larger area than that of any other rock unit in the Arkansas Valley region. The maximum recorded thickness is in Perry County where at least 9,400 feet is exposed. The minimum thickness is in the northern part of the region and is less than 1,500 feet.
The Atoka Formation consists of alternating beds of sandstone, siltstone, and shale. Shale is the most abundant rock type in most of the region, except in the eastern part where sandstone is more abundant. The shale is black, gritty, and micaceous, and commonly underlies the lowlands because of its lack of resistance to weathering and erosion. The sandstone and siltstone are light and dark, and the individual sand grains commonly range from very fine to medium. The silt and sand grains may be tightly cemented by silica to form a hard, resistant rock. These resistant rocks form the ridges of the Atoka terrane. The thickness of an individual bed may be only a fraction of an inch or several tens of feet. The thin sandstone beds commonly are associated with thick zones of black shale, and the thin beds of black shale with thick sandstone zones. Coal beds of local extent and less than 18 inches thick are distributed throughout the Atoka Formation. Pyrite is a constituent of the black shale in places. Thin limestone beds have been drilled through at depth in the northern part of the region.
The following partial log of a gas test illustrates the typical lithology and interbedded nature of the Atoka Formation.
Log of Atoka Formation in 9N-16W-ldb
Sandstone, light-gray, fine-to coarse-grained_____ ___________________ 10 Sandstone, light-gray, very fine grained to medium-grained; medium-gray siltstone__ ________________________________________ 10 Shale, dark-gray; light-gray, very fine grained to fine-grained sandstone; medium-dark-gray siltstone________________________________ 10 Shale, dark-gray; light-gray, fine-to coarse-grained sandstone.._____ 10 Shale, dark-gray_______________________________________________ 10 Shale, dark-gray; light-gray, very fine grained to fine-grained sandstone._ 10 Sandstone, light-gray, very fine grained to coarse-grained; dark-gray shale. fig. 6 .) The Hartshorne Sandstone generally forms prominent ridges in its area of outcrop, and the thickness ranges from about 10 to about 300 feet. The sandstone is thick bedded, whitish to light gray or brownish, and medium grained. Locally, it may be shaly, saccharoidal and porous, silty to fine grained, and greenish. Shale makes up a small part of the Hartshorne Sandstone but locally attains significant thickness. The following partial log of a gas test illustrates the general lithology of the Hartshorne Sandstone. fig. 6 .) In the western part of the region, the McAlester Shale ranges in thickness from about 500 to about 1,820 feet and mainly consists of dark gritty shale and minor sandstone, siltstone, and coal. Most of the sandstone is fine grained, thin bedded, micaceous, and pale buff in color. However, the sandstone near the base of the formation east of Hartford, Sebastian County, generally is coarse grained and massive, and the sandstone in the middle part, east of Caulksville, Logan County, is similar to the Hartshorne Sandstone in appearance. Individual sandstone beds generally are less than 50 feet thick and lenticular.
Log of Hartshorne Sandstone in 8N-%2W-llacc
The following composite section of the McAlester Shale described by Hendricks and Parks (1950, p. 75) fig. 6 ) Measured sections of the Savanna Sandstone indicate thicknesses ranging from 1,140 to 1,610 feet. The Savanna Sandstone consists mainly of shale and sandstone with 6 coal beds and 1 lenticular bed of limestone. The shale generally is sandy and buff to brown in color. The sandstone generally is fine grained, thin bedded, buff to brown, and lenticular. Three beds of coal are more than 18 inches thick, and the rest are a few inches thick. A thin zone of limestone occurs in the upper part of this unit (see following composite section) and is the only limestone known in the post-Atoka rock units.
The following composite section of the Savanna Sandstone described by Hendricks and Parks (1950, p. 77) illustrates the general lithology of this rock unit.
Composite section of the Savanna Sandsone in 7N-%8 and 29 W
Ft
In Sandstone, buff, in thick even beds, medium-grained, and micaceous; uppermost unit of the Savanna Sandstone._________________ 20 0 Shale, gray, sandy________________________________ 6 0 Sandstone, buff, shaly______________________________________ 5 0 Shale, gray_____--___-__-____----___-___________--___---__ 5 0 Limestone, sandy, with abundant fresh-water fossils ______ _____ 1 0 Shale, black, calcareous.________________________ 2 0 Limestone, dark-gray, hard, silicified, very fossiliferous __________ 1 0 Coal_______________________________________________________ 6 Shale, gray, sandy_______________________________________-___ 6 0 Sandstone, brown to shaly, thin-bedded-_______________ __ 8 0 fig. 6 .)
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In the western part of the region, the Boggy Shale is a dark shale containing three buff to brown sandstone beds. It ranges in thickness from less than 100 to about 900 feet. The sandstone is coarse grained and medium bedded.
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Alluvium overlies the consolidated rocks along the valley sides and in the channels of the Arkansas River and its major tributaries. The alluvium of the Arkansas River comprises terrace and flood-plain deposits. The terrace deposits belong to two different periods of deposition. The tops of the older deposits are about 50 feet above the present flood plain. They consist of interbedded gravel, clay, and sand and are typically red. The tops of the younger terrace deposits are about 20 to 40 feet above the present flood plain. These deposits are composed of a sequence of clay, sand, and gravel, the coarse material grading upward into the fine material. The flood-plain deposits of the Arkansas River consist of gravel, sand, silt, and clay. Generally, the coarse materials are on the bottom and the fine materials on the top. The deposits are about 40 feet thick at Fort Smith and thicken downstream to about 80 feet at Little Rock.
The major tributaries of the Arkansas River also have terrace and flood-plain deposits. A diagrammatic transverse section of a major tributary valley showing the various relations between these deposits and the bedrock is shown in figure 3. These relations are not developed to the same degree along the entire length of each tributary, and, in places, remnants of an older period of stream deposition have been obliterated. The maximum thickness of the flood-plain deposits is about 60 feet and that of the terrace deposits about 30 feet. The floodplain deposits and the terrace deposits commonly have two distinct zones. Selected records of borings in the alluvium at bridge sites are given in table 2. The upper zone is chiefly composed of fine-grained materials, such as clay and silt, and minor amounts of very fine to medium sand. The lower zone is composed of gravel and boulders, which generally are imbedded in a clayey, silty, or sandy matrix.
Where the terrace deposits are prominent topographic features, the lower zone is thick and the upper zone is thin or absent. Where the flood-plain deposits are prominent topographic features, the lower zone generally constitutes less than 50 percent of the total thickness of the deposit and may be absent. Clay, brown, firm______._.___..____.__________-13 13 Clay, brown, firm, few gravel____-____.-_-----_----------5 18 Clay, brown, medium-soft--______________________________ . 15 33 Clay, brown, medium-firm.______.___ ____-_-____.__-_-_-_-_ 10 43 Clay, gravel, and boulders, mixed___-
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[Composite log by author]
Clay and sand, red_____________________________________ 11 11
Location: 5N-21W-23acal
Clay, hard__________________________-_-_____ 8 8 Clay, medium-hard-. Silt; sand; gravel; boulders_______________________________ 10 10 Shale; bedrock.. .________-_-_________________. 0 10
Location: 9N-25W-13ddbl
Sand; silt----____-__-_______.___,__________________ 10 10 Clay, brown, sandy, firm. __________________________________ 6 6 Clay, brown, sandy, very firm_ __ ___ _ ___________ _ _____ 11 17 Clay; gravel; boulders___--_----__-__-,______________--__--
STRTJCTTJBE
Structure is the controlling factor in the occurrence and movement of ground water in the Arkansas Valley region.
The Arkansas Valley region is a synclinorium lying, for the most part, between the low-dipping rocks of the Boston Mountains and the highly folded rocks of the Ouachita Mountains and partaking of the basic structural composition of each. Faults are common, the normal type predominating in the northern part of the region and the reverse type in the southern part. The rocks also have been contorted and broken by joints, fracture cleavage, and drag folding.
A geologic section (pi. 1 and fig. 6 ) exemplifies the gross geologic structure of the Arkansas Valley region. Section A-A' is an adaptation of a section from a previous report (Hendricks and Parks, 1950, pi. 14) . Dips generally are less than 10° in most of the region. In the south-
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western and Ouachita Mountain parts of the region, the dips generally are steeper and vertical dips are seen in places.
WATER RESOURCES
STREAMFLOW
Records of streamflow are collected at several gaging stations in the region. The average annual streamflow of the Arkansas River at Van Buren for the period 1927-59 was 22,460,000 acre-feet, and at Little Rock for the same period it was 29,860,000 acre-feet. The difference between these figures, 7,400,000 acre-feet, was mainly contributed to the river by runoff from within the area of this report. The average annual streamflow at Dardanelle for the period 1937-59 was 26,680,000 acre-feet, suggesting that more water generally is contributed to the river upstream from this locality than downstream.
Streamflow fluctuates seasonally with changes in precipitation and evapotranspiration. Maximum flow occurs in the winter and spring when precipitation is highest and the rate of evapotranspiration is lowest; minimum flow occurs in the summer and fall when precipitation is lowest and the rate of evapotranspiration is highest. Dry periods have been recorded on all tributaries. Prolonged dry periods occur less frequently in streams having drainage areas that exceed 100 square miles. In the Arkansas Valley region, the close relation between streamflow and precipitation-evapotranspiration suggests that streams are mainly supplied by ground-water discharge during dry periods.
GROUND WATER
Replenishment of ground water in the Arkansas Valley region is primarily by precipitation. The average annual precipitation is 48 inches, or 18.4 million acre-feet.
OCCURRENCE
Ground water in the Arkansas Valley region occurs in two distinct environments. One includes the unconsolidated alluvial deposits of the Arkansas River and its tributaries, and the other includes the consolidated rocks that underlie the entire region. Openings of various kinds control the occurrence of ground water in both environments. The total volume of these openings determines the porosity, and the size and degree of interconnection of the openings determine the permeability.
WATER-BEARING OPENINGS IN ALLUVIAL DEPOSITS
The openings in the alluvial deposits are between the individual particles of clay, silt, sand, or gravel. Clay and silt deposits generally have a high porosity; but the small size and poor interconnection of the openings lessen their ability to transmit water, and they cannot ARKANSAS VALLEY REGION, ARKANSAS BB17 be utilized as sources of large quantities of ground water. Sand and gravel deposits which have a higher permeability generally yield larger quantities of ground water than deposits of clay and silt.
WATER-BEARING OPENINGS IN CONSOLIDATED ROCKS
The openings in the consolidated rocks differ depending upon whether they are in the zone of alternate wetting and drying or hi the zone of permanent wetting. The lowest level of the water table separates these zones. Weathering has altered the rock above the water table to soil and "rotten" rock, which together attain a maximum thickness of about 20 feet. (See fig. 4 .) The materials in the weathered zone have a greater porosity and permeability than the original unweathered rock, and water occurs in this zone much like it does in the unconsolidated rocks. Below the water table, the rock is permanently wetted or saturated so that weathering has not affected the rock, and ground water occurs in secondary openings formed by earth movements and by solution. These openings include fractures and interbed passageways. Fractures of importance in the report area are joints and fracture cleavage ( fig. 4 ).
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Joints occur in similarly oriented assemblages called sets, and several intersecting sets commonly are found in any area. They are not confined to one rock type, but they are better developed in massive rocks than in shaly or slaty rocks. The dimensions of joints are variable, but all pinch out with depth so that the water-bearing significance of joints also decreases with depth ( fig. 5) . Generally, 4 32 1 ______*__________t_____V Land surface t______ FIGURE 5. Diagrammatic section illustrating relation of wells to a I'.rge wat?r-bearing joint. A well drilled at site 1 will not strike the joint; one drilled at site 2 will penetrate it above the water table; one drilled at site 3 will encounter it whore it is open and full of water; one drilled at site 4 will either fail to ra",ch it or will reach it at considerable depth where it has become tight and will therefore not yield much water. From Meinzer (1923, p. 179) .
some joint sets predominate in size and continuity over others, and these are called master joints. An area that is intricately transected by joints does not necessarily contain large quantities of ground water because the individual fractures may be filled with silica or iron oxides. Joints probably are the predominant containers of ground water in most of the region, and their attitude and spacing should be determined in any search for ground-water supplies. Fracture cleavage can be compared to jointing but the spacing of the fractures is closer, giving the affected rock a platy or fissile structure. This structure is confined to shales or shaly rocks so that in rock units like the Atoka Formation which are composed of alternating sandstones, siltstones, and shales fracture-cleavage zones may occur between massive zones. Interconnection of fracture-cleavage zones may be maintained by joints. Fracture cleavage locally occurs in the highly folded parts of the region.
Bedding" planes ( fig. 4) are the surfaces of contact between rock ARKANSAS VALLEY REGION, ARBANSAS
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layers of similar^or dissimilar lithology and represent temporal breaks in the deposition of these layers. Interbed openings may have formed by solution along bedding surfaces where slippage due to differential movement has occurred. Slippage can produce a crushed zone, which, because of its larger exposed area, is more susceptible to solution than the unaffected rock above and below it. The quantity of ground water available in any area necessarily depends upon the number, size, openness, and degree of interconnection of the water-bearing openings. Many small openings may yield less water to a well than a few large openings. The author has seen openings in high-yield wells which are several inches across, and the yield of these wells was obviously dependent upon the large openings. Wells having small yields were never seen to have large openings but, instead, many small ones. Openness depends on whether ground water has been or is an agent of secondary deposition or solution. Secondary deposition reduces the original capacity of the openings to contain water, whereas solution increases this capacity. Solution is not common in the region, but the results of deposition are seen in some places, particularly where shales or slates crop out. The degree of interconnection among openings of the same kind, or of different kinds, is a chief factor in determining the amount of water available to a well. A system of interconnected openings that has a large areal extent may have a large effective recharge area if water is relatively free to seep into the system. Also, such a sysu m may have a large storage potential, especially if its vertical extent is significant.
A detailed knowledge of the relative influence of the types of openings on ground-water occurrence would facilitate the locating of well sites by eliminating a part of the preliminary field study.
WATER-TABLE AND ARTESIAN CONDITIONS
Ground water is said to occur under water-table conditions when it is not confined. Where the water table is in the alluvial deposits and the weathered zone, it is the upper surface of the zone of saturation. The slope of the water table adjusts itself to changes in rate of seepage, and the magnitude of the slope above a zone of discharge is directly related to the rate of seepage and inversely related to the permeability of the water-bearing materials. In a general way, the slope of the water table is a subdued reflection of the topography.
Where the water table is in the unweathered zone it is the contact between the atmosphere and the water surface in fractures and interbed openings. The contact is irregular, and it is a common occurrence to strike a water-bearing zone at one elevation in one well and at a much higher or lower elevation in a well that is located only a few paces distant. The slope of the water table depends upon whether the water occurs in joints, fracture cleavage, or interbed
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openings. Joints are not confined to particular rock types, and the slope of the water table above the level of discharge depends on their openness and interconnection. The absence of interconnected joints may divide an area into more than one ground-water unit, each having its own water levels and discharge point. Fracture-cleavage openings and interbed openings confine ground water to specific horizons, unless the water is intercepted by other avenues of groundwater movement or is discharged.
Ground water is artesian where it is in a confined permeable zone. Confined permeable zones may be afforded by fractures, interbed openings, or by a sand bed between clay beds. Where a well penetrates a confined permeable zone and the head is great enough to cause the water to flow onto the surface, the well is termed "a flowing artesian well." Many such wells are found in the Atoka Formation in the northern part of the Arkansas Valley region.
MOVEMENT
In the unconsolidated alluvial materials and the weathered zone, ground water moves in the direction of the slope of the water table. In the unweathered zone, movement is controlled mainly by structure. Generally, ground water moves along interbed openings and fracturecleavage openings towards the synclinal axes and away from the anticlinal axes. The geologic section (pi. 1) indicates the general movement in the western part of the region. Where dips are low, ground water is able to move comparately long distances before reaching points of discharge. Where dips are high, points of discharge are reached sooner. Joints may allow ground water to move across the folded bedding planes instead of parallel to them. Faults may form a relatively impermeable boundary to movement if characterized by gouge and cemented breccia. Movement, under such conditions, is deflected and the area of recharge is delimited.
Detailed investigation of ground-water movement is essential if weUs are to be drilled where maximum utilization of the available water supply can be achieved. Such investigation may reveal that certain aspects of structural control can be disregarded and the location of ground-water supplies be simplified to rule-of-thumb procedure.
DEPTH TO WATER AND WATER-LEVEL FLUCTUATIONS
The depths to water ( fig. 6 ) during the period of investigation ranged from 1.5 feet above the land surface to 85.6 feet below the land surface. The maximum depth to water was less than 20 feet in 76 percent of the wells and less than 30 feet in 92 percent. The maximum depths occurred during the summer and fall of 1960. The numerous complaints of residents having dry or nearly dry 6 R. wells, the numerous dug wells having little or no water, and the fact that most of the stations of the U.S. Weather Bureau recorded precipitation deficiencies ranging from 1 to 8 inches, strongly suggest that the depths to water measured in 1960 were close to the maximum depths ever reached in the region. Several factors control the depth to water in wells in the region. Precipitation has a direct effect on the depths to water, and periods of heavy rainfall are accompanied by corresponding decreases in depths to water. Conversely, dry periods are coincident with increases in the depths to water. Depth to water generally is directly related to the topography of a locality, and wells on the crests or slopes of ridges have greater depths to water than those in nearby lowlands. The rate of evapotranspiration in the region probably is high enough to discharge most of the seepage in areas where dissection is deep. Pumping a well produces a cone of depression in the water table so that depths to water measured within the area of influence of the cone will not be indicative of static water-table conditions. Casing depth can affect the depth to water in a well if it is sufficient to shut out ground water in the weathered zone where seepage from this zone to the unweathered zone is slow or nonexistent. These wells, will have greater depths to water than wells that tap water from the weathered zone.
The maximum water-level fluctuation during the period of investigation in the Arkansas Valley region did not exceed 10 feet in 79 percent of the wells measured and 20 feet in 94 percent. The average fluctuation was 9.3 feet and, excluding those water levels that showed a marked deviation from the general range of fluctuations, the average was 7.5 feet.
The principal factor controlling water-level fluctuation in the region is the seasonal relation between precipitation and evapotranspiration. From late spring to early fall, when evapotranspiration is highest and precipitation is least, water levels decline to their minimum level. From early fall to late spring, when evapotranspiration is lowest and precipitation is greatest, water levels rise to their maximum level because more water is able to seep to the water table. Water-level fluctuations react to the seasonal precipitation-evapotranspiration pattern at a faster rate in the weathered zone than in the unweathered zone.
CHEMICAL. QUALITY AND TEMPERATURE
The chemical quality of ground water in the Arkansas Valley region was studied in 64 analyses of well water (table 3) .
Bicarbonate waters predominate in the Atoka Formation, McAlester Shale, Savanna Sandstone, and Stanley Shale. The Hartshorne Sandstone has bicarbonate and sulfate waters, but more analyses ARKANSAS VALLEY REGION, ARKANSAS
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are necessary to determine if there is a predominant anion. Sodium is the predominant cation in the Atoka Formation, McAlester Shale, and Savanna Sandstone. Magnesium cations predominate in the waters of the Stanley Shale. Calcium, sodium, and magnesium cations occur in the waters of the Hartshorne Sandstone, but none predominates in light of the evidence available. Of the well waters analyzed, sulf ate waters make up about 14 percent and chloride waters about 11 percent. Sodium chloride and magnesium chloride comprise the chloride waters and probably indicate the proximity of hydrocarbon accumulations. The sulf ate waters are probably the result of the oxidation of pyrite, as this mineral is relatively common in the rocks of Carboniferous age.
The dissolved-solids content of the waters analyzed ranges from 37 to 1,450 ppm (parts per million), although 81 percent of the waters contain less than 500 ppm. The Atoka Formation and the McAlester Shale have the widest range of values; whereas the Hartshorne Sandstone, Savanna Sandstone, and Stanley Shale have consistently less than 500 ppm of dissolved solids. The U.S. Public Health Service (1961) recommends that the maximum concentration of dissolved solids not exceed 500 ppm in drinking and culinary water on carriers subject to Federal quarantine regulations, but it permits 1,000 ppm if no better water is available. Industrial tolerances differ widely, but few industrial processes will permit more than 1,000 ppm.
The iron content ranges from 0.00 to 19 ppm, but 75 percent of the waters analyzed contain less than 2 ppm. Waters of the Atoka Formation and the Hartshorne Sandstone generally exceed this value. The U.S. Public Health Service (1961) recommends that iron in drinking and culinary water not exceed 0.3 ppm. This limit is not based on toxicity but on esthetic and taste considerations. This value is exceeded in about 50 percent of the waters analyzed, and all rock units have waters whose iron content exceeds this value. Only 11 percent of the well waters have more than 4.0 ppm of iron, and most of these are from the Atoka Formation.
The U.S. Public Health Service (1961) recommends that hardness should not exceed 100 ppm in drinking and culinary waters, and 50 percent of the well waters analyzed contain more than this amount. A hardness of 100 to 200 ppm is noticeable by most people and is considered hard; water with a hardness of more than 200 ppm requires softening for many purposes, although it is generally satisfactory for domestic uses and irrigation. The hardness of 84 percent of the waters is less than 200 ppm. One well in the Atoka Formation has water containing 1,100 ppm of hardness, which was the highest value found in the region.
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Well: See text for explanation of well-numbering system. Depth of well below land surface: Measured depths are given in feet and tenths; reported depths in feet. Character of water-bearing material and rock unit: Sh, shale; Ss, sandstone; Sh-Ss, shale and sandstone;
[Results in parts per million except as indicated. ..do -9-26-60 __do .
6-11-57 7-12-57 4-12-58 do 9-14-60 9-13-60 9-16-60 9-14-60 9-22-60 9-13-60 9-21-60 9-16-60 150  144  11  402  176  290  520  409  502  40  114  86  44  368  511  28  220  86  40  288  336  28  31  20  108  208  23  72  980 Carbonate ( Service (1961) recommends that the sulfate concentration not exceed 250 ppm in drinking and culinary water. Only 1 well has water with a sulfate concentration exceeding this value, and only 1 well has water with more than 200 ppm. About 65 percent of the well waters has less than 50 ppm of sulfate.
The fluoride content ranges from 0.0 to 1.2 ppm, but generally it is less than 0.5 ppm. Fluoride, in quantities exceeding 1.5 ppm, can cause the dental defect known as mottled enamel (Maier, 1950) . The nitrate content ranges from 0.0 to 36 ppm, but most of the water has less than 1.0 ppm. A nitrate content exceeding 45 ppm (Comly, 1945) in water used for preparing feeding formulas can cause cyanosis in babies.
The pH ranges from 5.7 to 8.8 but generally lies between 6.0 and 8.0, indicating mildly acid to mildly alkaline waters.
The odor of hydrogen sulfide and the staining of laundry, dishware, and bathroom and kitchen fixtures are the causes of most complaints of well users. These complaints arise generally from users of deepdrilled wells. The odor of hydrogen sulfide was recorded in less than 1 percent and objectionable iron staining in about 13 percent of the wells inventoried. Localities where these two objectionable qualities of ground water may be present cannot be predicted, and their presence is known only after drilling a well. Wells only several paces apart may have entirely different waters, one being good and the other objectionable.
The laboratory evidence available suggests that no clear-cut relation exists between chemical quality and depth to water or depth of well. However, field evidence indicates that water from shallow wells is softer and has less iron than water from deep wells. Well users who have had both types of wells will invariably make this statement, and well users who have shallow wells notice a distinct difference in quality of water between the high water-level periods and the low water-level or drought periods. Also, many users who have not had pumps on their wells and later installed pumps in these same wells report the same change from "soft" and "iron-free" water to "hard," "iron" water. The difference in quality of water between deep and shallow wells is not apparent from analysis, probably because most of the samples were collected during a dry period.
Temperature is like a chemical characteristic in that it can also influence the use of ground water. Generally, in wells having depths to water within 20 feet of the land surface, the water temperatures ranged from 64° to 73° F. Water temperatures ranging from 62° to 63° F and corresponding to the average annual air temperature ARKANSAS VALLEY REGION, ARKANSAS
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were recorded in most wells with depths to water greater than 20 feet and in all wells that were pumped for long periods of time.
GROUND-WATER DEVELOPMENT
The present (1960) development of ground water and its effect on the water cycle or its relation to potential development are primary considerations of a ground-water study if development of the water resources of a region is to proceed in a rational, conservative manner.
The purpose of this section is to discuss wells and usage as the principal elements of present development and to present various quantitative conclusions, derived chiefly from pumping-test data as the principal elements of potential development.
TYPES OF WEUS
Dug and drilled wells ( fig. 6 ) are the two types used in the Arkansas Valley region. Dug wells are common and generally are less than 25 feet in depth and from 3 to 4 feet in diameter. The depths of wells dug in the consolidated rocks generally are determined by the thickness of the weathered zone. The depths of wells dug in the alluvial materials generally are determined by the depth to bedrock or to a basal gravel zone. The curbs of dug wells are constructed of brick, concrete, stone, or wood and may extend below the ground surface for a few feet or to the bottom of the well. Drilled wells are replacing dug wells to a great extent. Drilled wells range in depth from about 30 to about 300 feet, but the general range is from 50 to about 200 feet. The common well diameter is 6 inches, although there are a few 8-inch wells. Asphalt-fiber pipe generally is used for casing, and depth of casing generally is less than 10 feet.
Electrically driven jet pumps of less than 1 horsepower are commonly used to obtain water from drilled wells, although 10-quart buckets are also common. Pumps have been installed in some dug wells, but buckets are more common.
RURAL-DOMESTIC, AGRICULTURAL, PUBLIC, AND INDUSTRIAL SUPPLIES
Kural-domestic supplies are obtained exclusively from indivi dually owned wells. It is computed that 8.7 mgd (million gallons per day) were used in 1960 by the rural populace for domestic needs or 34 gpd (gallons per day) per capita. Outside the alluvial area of the Arkansas River, residences having facilities for running water generally have drilled wells ranging from 30 to more than 100 feet in depth. Residences without facilities for running water obtain water from dug or drilled wells, the depths of which range from 10 to more than 100 feet. An ample supply of water for residences generally is obtainable at depths of less than 75 feet.
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The agricultural supplies considered are those required for poultry farms, irrigation, and livestock. Outside the alluvial area of the Arkansas River, water required for these uses generally is obtained by drilling wells more than 75 feet deep. In 1960, poultry farms consumed 2.3 mgd. Most of the water used for irrigation in the region is pumped from the flood-plain deposits of the Arkansas River, and crops irrigated include rice and vegetables. It is computed that 2.8 mgd was used for irrigation in 1960. Livestock watered from wells consumed 4 mgd in 1960. Most of the industries using ground water are supplied by municipalities. Therefore, public and industrial supplies are considered jointly. Ground water was utilized by 33 percent of the municipalities having public water supplies (table 4) , and the amount used in 1960 was 1.8 mgd or 130 gpd per person. Municipalities using ground-water supplies from consolidated rocks have drilled wells that range from 80 to about 300 feet in depth. Most of these wells are less than 200 feet deep.
For all needs a total of 19.0 mgd, or 21,000 acre-feet, of ground water was used in the Arkansas Valley region during 1960.
PUMPING TESTS AND WELL YIELDS
Pumping tests were made at 14 well sites to determine the waterbearing properties of the consolidated rocks and the tributary alluvium. Tests in the consolidated rocks were made in wells drilled in the Atoka Formation, Hartshorne Sandstone, McAlester Shale, and Savanna Sandstone (table 5). These rock units have the largest outcrop area and therefore the largest areas of recharge of all the rock units in the region.
The water-bearing property that was most useful in this study is the coefficient of transmissibility which can be used to determine drawdowns at specific pumping rates. This value is defined as the amount of water in gallons per day at the prevailing water temperature and under a hydraulic gradient of 100 percent that will move through a vertical strip of the water-bearing zone having a width of 1 foot and a height equal to the saturated thickness of this zone.
Transmissibility values range from 50 to 15,000 gpd per ft (gallons per day per foot). (See table 5 .) The maximum value of 15,000 gpd per ft is extraordinary when compared to the general range, 50 to 2,200 gpd per ft.
No relation exists in the consolidated rocks between transmissibility and rock unit or depth of well. This fact is in accord with what is known about the occurrence of ground water in fractures and interbed openings. The number, size, openness, and interconnection of the water-bearing openings control the volume of water moving through an area. The number of water-bearing openings intercepted by a well determines the volume of water that will move into that well. The deeper a well is drilled the more chance there is of intercepting openings, but it does not follow that the deeper a well the more water it will yield.
Field study of the rock units complements the pumping tests in the final evaluation of the yields that may be expected from each unit. The Stanley Shale, Jackfork Sandstone, and Boggy Shale have small recharge areas and probably low transmissibilities. These ' See text for explanation of well-numbering system.
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rock units probably will not yield more than 10 gpm (gallons per minute) under sustained pumping. The maximum yield of wells drilled to date (1960) in the Atoka Formation is about 60 gpm. Large-capacity wells 100 to 300 feet deep supply the municipalities of Altus, Franklin County, Hartford, Sebastian County, and Ola, Yell County. Kural homes, farms, and small commercial establishments generally have wells that yield less than 10 gpm and are less than 100 feet deep. Wells in the Hartshorne Sandstone have proved yields that range from 7 to 60 gpm and supply rural homes, small farms, small commercial establishments, and a small municipality. Most wells in the Hartshorne Sandstone probably yield much less than 60 gpm. Yields of wells in the McAlester Shale are adequate for small farms, rural homes, small commercial establishments, at least two large livestock farms, and one small municipality (Lavaca, Sebastian County). Lavaca obtains water from a well that is 80 feet deep and has a yield of 50 gpm under sustained pumping. A well that combines shallow depth with high yield as the Lavaca well is not common in the region or in the McAlester Shale. Most wells hi this rock unit yield much less than 50 gpm; but one well (6N-32W-20ddcl, table 5) has a proved yield of 100 gpm, which is almost twice that of any other known well in the region. A well in the Savanna Sandstone yields 60 gpm under sustained pumping, and the yield was the largest found in this rock unit. The well, which is about 103 feet deep, supplies water to the municipality of Caulksville, Logan County. Wells yielding less than 10 gpm supply water for rural homes, small farms, and small commercial establishments.
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The flood-plain deposits of the Arkansas River yield ground water to the wells of four municipalities (Atkins, Pope County; Dardanelle, Yell County; Morrilton, Conway County; and Ozark, Franklin County) and to wells used for irrigation. The depths of the wells do not exceed 80 feet. An evaluation of the ground-water potential of these deposits is outside the scope of this report.
The alluvial deposits of the tributary streams are not considered to be major sources of ground-water. The fine texture of the upper zone and of the matrix of the lower zone and the data from a pumping test (table 5) indicate a low permeability for the alluvial materials in most of the region. In the vicinity of Perry, Perry County, and Plumerville, Conway County, relatively high permeabilities characterize the tributary alluvium. (The municipality of Plumerville utilizes the tributary alluvium as a source of water.) These atypical permeabilities probably are in gravels which have coarsed-grained matrices. Test drilling in the alluvial areas of the tributaries may prove valuable in locating highpermeability zones. The available lithologic data suggest that these zones are discontinuous and small and therefore only of local importance as sources of ground water. In most of the region, yields from wells in the tributary alluvium are adequate for rural-domestic needs; but yields that are large enough for municipalities, irrigation, and poultry and livestock farms must be sought at depth in the underlying consolidated rocks.
The large yields of 50 to 100 gpm are not common for wells in the consolidated-rock terrane of the Arkansas Valley region. Special conditions of occurence and movement of ground water control the location of such wells. Detailed studies to determine these conditions would prove invaluable in locating other areas of maximum yield.
POTENTIAL DEVELOPMENT AND LIMITING FACTORS
The total streamflow of the region is computed to be 7.4 million acre-feet annually. The total ground water used in 1960 is computed to be 21,000 acre-feet. The total water used from surface-water sources for 1960 is computed to be 40,000 acre-feet.
The amount of water discharged by streams is a measure of the water that is potentially available for development. Therefore, the total amount of water that is potentially available for development hi the Arkansas Valley region probably does not exceed 40 percent of the precipitation. The total water used in the region during 1960 was 61,000 acre-feet, which means that only 0.8 percent of the total water available for development was utilized. Therefore, the unused water in the region is in excess of 7 million acre-feet annually. However, only a part of this would be available for practicable development.
